Introduction
The lens is a biconvex, avascular and transparent body, encased in an elastic capsule, whose purpose is to focus light onto the retina.
1 It is formed of roughly 35% water soluble proteins and 65% water. 2 Cataract is defined as any clouding or opacification, either congenital or acquired, located in any point of its structure, independently of the visual impairment.
1 It is the leading cause of blindness worldwide. 3 Cataract formation has several etiologies. The most common are senile, traumatic, induced by diabetes or myotonic dystrophy, congenital, induced by drugs such as amiodarone, corticosteroids and phenothiazines and due to other ocular primary diseases. 1, 4 Risk factors for this condition have already been described, such as smoking, severe dehydration and alcoholism. 5 Epidemiologic studies of geographic correlation have shown an association between hours of exposure to the ultraviolet radiation and the cataract rate without establishing a well-defined causal relationship. 4 People with schizophrenia have been documented to be at a higher risk for cataract than the general population. 6 Ocular changes were described to be related to the use of phenothiazinic typical antipsychotics, mainly chlorpromazine. 7 Other typical antipsychotic drugs, such as thioridazine, were also associated with such ocular changes. 8 In the mid-1960s, lenticular opacities induced by phenothiazines were first reported by Greiner and Berry as dense, dark brown lenticular opacities. 7 Since then, studies have shown a cataract rate related to therapy with typical antipsychotics, mainly chlorpromazine, which varied from 22% to 80%. [9] [10] [11] [12] The dosage of chlorpromazine needed for inducing lenticular opacities has varied according to different studies. [13] [14] [15] Lenticular opacities associated with phenothiazinic typical antipsychotics are due to pigment deposition usually located in the anterior capsule and anterior subcapsular cortex.
1, 16 These pigments are formed due to a toxic interaction between such drugs and ultraviolet-B light (UV-B) which leads to the production of free-radical metabolites. 17, 18 In addition, phenothiazines and its metabolites can cause desnaturation of proteins which become cloudy when exposed to solar radiation. 11, 19 Evidence of the importance of this interaction with the sunlight could be seen in a patient, reported by Deluise, who had been taking chlorpromazine and had one eye partially closed with ptosis due to congenital Marcus-Gunn jaw-wink phenomenon, and developed ocular changes more prominent in the eye with no ptosis. 20 Low visual acuity associated with such ocular changes has been described 5, 20, 21 as well as pigmented corneal deposits and pigmentary retinopathy. 13, 16 The potential of atypical antipsychotics for inducing lenticular changes, as it is known for typical antipsychotics, remains indefinite up to now. No etiologic relationship established between this new group of antipsychotics and cataract formation is known. However, cataract has been documented as an infrequent finding in patients who have been taking some agents of this new generation. [22] [23] [24] Quetiapine is the most questioned atypical antipsychotic regarding its potential for inducing cataract because it induced this side effect in dogs. 25 As the use of atypical antipsychotics has become more and more common, and there is little knowledge on the possible ocular adverse effects of these drugs, it is essential to evaluate patients in long-term treatment with these agents.
The aim of this study was to evaluate cataract occurrence and other ocular side effects in patients treated with antipsychotic drugs.
Method
A total of 80 outpatients from two centers, Mental Health Service at the Walter Cantideo University Hospital and São Gerardo Mental Health Hospital, treated with antipsychotics, participated in this naturalistic cross-sectional study.
The inclusion criteria were: having DSM-IV (APA, 1994) diagnosis of schizophrenia, age between 18 to 60 years, and to have been taking antipsychotic drugs (typical, atypical or both) for at least two years. The exclusion criteria were: diabetes, systemic arterial hypertension, ocular diseases previously diagnosed (glaucoma, retinopathies, corneal diseases) and to have taken corticosteroids, amiodarone or to have had any ocular trauma.
This study was approved by The Ethics Committee of the Universidade Federal do Ceará (protocol 143/04) and all participants have signed a consent form agreeing to participate in this study.
All patients were submitted to an ophthalmological evaluation at the (Sociedade de Assistência aos Cegos Iêda Otoch Baquit Ophthalmological Unit). This evaluation consisted of maximum visual acuity exam with optical correction, biomicroscopy of the anterior segment, emphasized in cornea and lens, fundus biomicroscopy and a reexam under mydriasis. It was performed by doctors who had no information regarding the medication in use.
Demographic and clinical data were obtained by direct interview and medical records analyses.
The patients were divided into two groups. Group 1 (n = 52) consisted of patients who either had taken only typical antipsychotics for at least two years or had taken both typical and atypical antipsychotics with more than 2 years of use of typical antipsychotics. Group 2 (n = 28) consisted of patients who either had taken only atypical antipsychotics for at least two years or had taken both typical and atypical antipsychotics, being the use of typical antipsychotics shorter than 2 years.
The data obtained were analyzed with the software Statistical Package for the Social Sciences (SPSS). The data distribution was tested with Kolmogorov-Smirnov test. The variables with a normal distribution were analyzed using parametric tests (ANOVA) and those with significant deviation of normal distribution were analyzed using non-parametric tests (Mann-Whitney U test). Categorical variables were analyzed using chi-square test for homogeneity. The significance level was set at p < 0.05 (two-tailed).
Results Table 1 describes the demographic and clinical features of the patients from both group 1 and 2.
Group 1 (patients who had taken typical antipsychotics for at least 2 years) showed a different profile from group 2 (patients who had taken predominantly atypical antipsychotics) in the following variables: earlier mental illness onset (F = 4.4; p = 0.038), they used antipsychotic drugs for a longer period of time (F = 24.3; p = 0.000), they used higher doses of antipsychotic drugs (F = 6.3; p = 0.014), they were older (F = 5.9; p = 0.017), they had a higher smoking rate (X 2 = 5.9; p = 0.014) and they used more anticholinergic drugs (X 2 = 4.4; p = 0.034) and benzodiazepines (X 2 = 6.2; p = 0.012). Gender (X 2 = 1.3; p = 0.251) and antidepressants use (X 2 = 1.5; p = 0.215) did not differ between groups.
Lenticular opacities were found in 26 (33%) patients with absolute predominance of anterior capsular cataract (n = 20) (77%) - Figure 1 . A dot-like pattern was found in 17 (65%) of these patients, whereas a stellate pattern was found in 9 (35%) ( Figure  2a and 2b) . In group 1 (n = 52), twenty-one patients (40%) had lenticular opacities, whereas in group 2 (n = 28) this finding was seen in only five patients (18%). The difference between the two groups reached statistical significance (F = 4.3; p = 0.041).
No pigment deposition was found neither in the cornea nor in the retina of these patients. As for visual acuity, twenty-one patients (26%) had their best-corrected visual acuity reduced, and 91% of these patients had only a slight reduction (VAcc 20/25 to 20/60). The typical antipsychotics used by patients were: chlorpromazine, levomeprazine, haloperidol, thioridazine, fluphenazine, sulpiride, zuclopentixol and pimozid. Chlorpromazine and levomeprazine were the most frequently used typical antipsychotics (Figure 3) . The atypical antipsychotics were: olanzapine, risperidone, ziprasidone, aripiprazole, clozapine and quetiapine. Olanzapine was the most frequently used atypical antipsychotic (Figure 4 ). Over half of the patients (n = 44) were also concomitantly on at least one drug of one or more of the following groups: anticholinergic drugs, benzodiazepines and antidepressants.
Discussion
In this study we found a rate of 33% of lenticular opacities in people with schizophrenia treated with antipsychotic drugs. This finding corroborates previous ones by McCarty et al. who reported a cataract rate of 26% in schizophrenic people, which is much higher than in the general population (< 1%). 6 In fact, chlorpromazine and other phenothiazinic antipsychotic drugs have been associated with cataract formation. 6, 15, 25, 26 A factor that may have contributed to such a high rate in our study is the geographic location of Fortaleza, which is in an equatorial region with strong insolation (2.800 hours/ year) 27 since there is an association between cataract occurrence and solar exposure, 28, 29 and the interaction between phenothiazines and the sunlight plays an essential role in cataract formation induced by these drugs. 17, 18 A higher rate of cataract was observed in group 1, which used typical antipsychotic drugs at higher dosages for a longer duration when compared to group 2. This finding can be explained by the high rate of use of phenothiazines (70% of the typical antipsychotics used were phenothiazines). The literature has associated lens opacities with cumulative dosages and duration of exposure. 15, 30, 31 Some studies showed that chlorpromazine at 800 mg/day for 2 years is oculotoxic, 15 while in others, chlorpromazine at 200 mg/day over 2 years caused pigmentary deposits in the lens. 14 In addition, smoking has also been associated with cataract formation and the majority of the smoking patients belong to group 1. As a consequence, group 1 patients have been exposed to at least two risk factors. 32 Patients from group 2 predominantly used atypical antipsychotics, which have not been associated with cataract formation. Cataract is an infrequent side effect of therapy with olanzapine, ziprasidone and quetiapine with rates lower than in the general population.
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Figure 1 -Types of cataract by location of opacity within lens structure observed in the patients of this study All five patients from this group who presented lenticular opacities had taken only atypical antipsychotics. Three of these patients had used olanzapine, one had used risperidone and another had used risperidone, olanzapine and ziprasidone. In fact, the manufacturers of olanzapine and ziprasidone mention cataract as an infrequent adverse effect of these drugs with no known casual connection. 33, 34 Ocular changes during quetiapine therapy were observed in humans and a periodic ophthalmic evaluation is formally recommended for patients taking this drug. 25, 35 In our study, just one patient had taken quetiapine at 50 mg/day for 1 year. This 35-year-old male patient had cortical cataract, with no clouding of anterior capsule, and he had taken phenothiazines, levomeprazine and fluphenazine for 23 years. In addition, he was used to smoking 20 cigarettes a day, so being exposed to several risk factors for this lenticular pathology. Nasrallah at al. reported lenticular opacities in 15 patients who had taken quetiapine, at a rate of 0.005%, which is much lower than in the general population. 23 Valibhai et al. reported a case of a patient who had no lenticular opacities on the examination of the lens right before the onset of treatment with quetiapine and 15 months after the use of this drug cataract has been formed. 36 The possible effect of other drugs on the lens cannot be neglected mainly for being a cross-sectional study and over half of patients were also concomitantly on other drugs, such as prometazin (n = 28), diazepan (n = 12), nitrazepan (n = 5), alprazolan (n = 4), clonazepan (n = 3), amitriptiline (n = 7), fluoxetine (n = 3), sertraline (n = 2) and imipramine (n = 1). Some studies have suggested a possible link between cataract formation and drugs such as tricyclic antidepressants and benzodiazepines. 16, 37, 38 Thus patients from group 1 who had a rate of use of benzodiazepines higher than those form group 2 could have been exposed to one additional contributing factor. Schizophrenia itself does not appear to be associated with an increased risk of cataract, and studies have shown that the use of a general antipsychotic drug is not associated with the occurrence of cataract but long-term chlorpromazine and other phenothiazines use is related to cataract formation. 39 
Conclusions
Higher cataract rate was found in the group of patients predominantly on typical antipsychotics when compared to the group on atypical antipsychotics.
It corroborates the previous recommendations that patients who have been taking phenothiazines should be submitted to a periodic ophthalmic evaluation.
There is little information on the potential for inducing cataract of the new generation antipsychotic drugs, being this side effect infrequently observed in patients who have been using olanzapine, ziprasidone and quetiapine. We support the view that patients on long-term atypical antipsycotic agents therapy, mainly quetiapine, should also be submitted to an ophthalmic examination once the literature did not show yet very well-defined evidences that all these agents are really free of this side effect.
Prospective studies are very important to replicate these findings using a non-naturalistic design that controls the drugs per dose and duration of intake. 
